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Introduction
In the RAN4#99 e-meeting, a way forward on PC2 contiguous UL CA for UL MIMO [1] was agreed. In this contribution we present UL CA PC2 2Tx measurements based on 2 PC3 PAs that are compared with 1TX PC3 and PC2 measurements and also discuss waveform choice for SD-CDD to also cover TxD on top of UL MIMO.
Discussion
In WF [1] it was agreed the following:
· Option 3 for MIMO configurations for CA+UL MIMO requirements:
· 2 layer configuration , 1 layer 2 port configuration and transparent TxD configuration are all considered
· If we find the problematic case, we could revisit the agreement
· Follow the single CC requirements as baseline
· Identify the UL-MIMO+CA specific requirements
· Refer to the CA requirement, e.g., configured output power, power control tolerance, if needed 
In this contribution we provide input for TxD and 1 and 2 layer UL MIMO and cover both PC3 and PC2 2Tx MPR; also, contiguous and non-contiguous cases are evaluated since both are PC2 cases are looking into a PC3+PC3 implementation. We will look into the two PC2 PA case in a later measurement campaign.
TxD SD-CDD choice and PA calibration for TxD mode
For a long time transparent Tx Diversity (TxD) PC2 based on two PC3 PAs has been discussed without much data exchanged and moreover it has been fairly difficult to agree on the usual evaluation assumption which are an essential step to reach agreement.

One critical aspect is to have a good understanding on what waveforms are used by different companies, which is complex for a feature that is transparent. Still, it is clear that a candidate that has been evaluated in both RAN1 and RAN4 is Small-Delay Cyclic Delay Diversity. However it has not been possible to agree on any delay value or how the UEs claiming TxD support will be verified for employing a technique insuring good reception at the BS.

In order to at least set a value for our measurement and ensure that those are not impacted by the recombination of the two path waveforms through the coupling of the two PAs in our setup, we evaluated:
· SD-CDD with 150, 300, 600 and 1200ns delay
· Dual layer MIMO by using an uncorrelated data stream as a reference

Where we measured the spectrum of many waveforms at max power and two frequencies and display the 20MHz QPSK 106RB0 CP-OFDM in Figure1 as an example:
· PA1 output alone (Meas_Pout1)
· PA2 output alone (Meas_Pout2)
· PA1 output with PA2 coupled to reproduce the 10dB antenna isolation and 4dB post PA loss (Meas_PA1)
· PA2 output with PA1 coupled to reproduce the 10dB antenna isolation and 4dB post PA loss (Meas_PA2)
· The sum of the signals via a combiner to emphasize the constructive/cancelling effect (Meas_PA1PA2)
· Calculated the sum of PA1 + PA2 like agreed for the requirement (Calc_PA1PA2)

To decode the waveform names, after the allocation type 106R0:
· D1 means 150ns SD-CDD delay followed by frequency in MHz
· D2 means 300ns SD-CDD delay followed by frequency in MHz
· D3 means 600ns SD-CDD delay followed by frequency in MHz
· D4 means 1200ns SD-CDD delay followed by frequency in MHz
· NO means non correlated case (2 layer MIMO equivalent)
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Figure 1: output power measurements of PA1 and PA2 for different delays and frequencies at different points and coupling
It can be seen that for delays <600ns, the PA1 and PA2 output power is impacted via the coupling versus the standalone case; this is highly visible on the combined signals as the coupling is at equal power but is also visible for the calculated sum. Since simulation have shown that 300ns could be a good target for 30kHz SCS, 600ns can work for our 15kHsz SCS measurements.
Observation: a SD-CDD delay of 600ns is used for 15 kHz SCS measurements
Measurement setup and scope
In order to provide part of this data we launched into an extensive set of measurements looking into:
· Contiguous and non-contiguous ULCA single APT PA PC2 emissions, 2 coupled APT PC3PAs emissions with 10dB antenna isolation (with 4dB antenna loss for all). EVM was not reassessed.
· The PC2 PA is calibrated for 31dB ACLR with usual calibration waveforms while the PC3 PAs are calibrated for 30dB ACLR but the 2xPC3 PA is then measured against the 31dB PC2 requirement with the sum of the signals of each transmit paths.
· For 2TX measurements: 
· TxD with 600ns delay after checking 150, 300, 600ns for optimum measurement accuracy
· Single layer MIMO with 90 deg phase shift after checking 0 deg (constructive), 180 deg (cancelling) and 270 deg.
· Dual layer MIMO by using an uncorrelated data stream
· QPSK CP-OFDM and DFT-s-OFDM
· Focus on 15kHz SCS (most critical guard band) for 5 combinations of 5, 20 and 50MHz channels
· A large set of inner and outer(1/2) allocations (a set of 500+ waveforms was used between the two transmit paths)
· Measured on a PC2 and PC3 capable n77 APT PA between 3400 and 3500MHz
Measurement results
Unfortunately, the measurement data was available only two days before the deadline due to the large set and the complexity of using two CC per PA in a two PA measurement setup. Moreover the analysis takes a long time to sort a few 10 thousand measurement points. We still hope to apply for a late revision of this paper to discuss the data in RAN4 if other companies allow.

Proposal: This paper will be revised with analysis of the data as a late contribution for consideration with interested companies.

Measurement data could not be exploited due to PA calibration issue for the 2Tx and measurements that have been restarted but not available in time for round 1 of the discussion; nevertheless we provide some input based on the single CC measurements provided in [2] which allows a first assessment on the RIMD contribution and PA linearity compensation.

To compare to PC2 contiguous UL CA 1LO/1 PA architecture AMPR, PC2 contiguous UL CA based on 2TX with 1LO/2PC3 PAs must account for two sources that require additional back-off:
· Additional linearity to achieve 31dB ACLR based on two PAs calibrated for 30dB ACLR
· Compensation of Reverse IMD contribution.

Although it may still require further verification, this additional back off should be in the same order of magnitude than the one for single CC PC2 realized with 2xPC3 PAs versus one PC2 PA. From [2] these are in the order of 0.5dB for inner and 1dB for outer single CC allocation while edge allocations are not impacted by RIMD/linearity difference since they depend on the WOLA design of the waveform.

Since the 2CC allocations are quite different from single CC, the additional back-off cannot be transposed as is but depending on allocations being limited by relative or absolute requirements, an additional back off of 0.5-1dB is needed for PC2 1LO/2xPC3 PAs versus 1LO/1xPC2 PA for contiguous UL Ca.

Observation: based on single CC measurements of 2xPC3 architecture vs 1xPC2, an additional 0.5 to 1dB MPR can be anticipated for PC2 contiguous UL CA realized with 1LO+2xPC3 PA compared to agreed MPR for 1LO/1PA PC2 case.

Conclusions
Unfortunately the measurement data was available only two days before the deadline due to the large set and the complexity of using two CC per PA in a two PA measurement setup. Moreover the analysis takes a long time to sort a few 10 thousand measurement points. We still hope to apply for a late revision of this paper to discuss the data in RAN4 if other companies allow.

Proposal: This paper will be revised with analysis of the data as a late contribution for consideration with interested companies.

Measurement data could not be exploited due to PA calibration issue for the 2Tx and measurements that have been restarted but not available in time for round 1 of the discussion; nevertheless we provide some input based on the single CC measurements provided in [2] which allows a first assessment on the RIMD contribution and PA linearity compensation and allows the following observation.

Observation: based on single CC measurements of 2xPC3 architecture vs 1xPC2, an additional 0.5 to 1dB MPR can be anticipated for PC2 contiguous UL CA realized with 1LO+2xPC3 PA compared to agreed MPR for 1LO/1PA PC2 case.
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